Abstract. The deposition from Chernobyl in spring 1986 was most unevenly distributed in Finland and elevated the 137 Cs contents of fishes in Finnish lakes significantly. High activity concentrations of 137 Cs still occur in fish from certain lakes in the areas of the highest deposition. Activity concentrations of 137 Cs in perch varied from 20 to 7 800 and those in lake water from 4 to 330 Bq/m 3 in 1998 and 2002. Concentration factors (Bq/kg in perch / Bq/kg in lake water) ranged from 1 300 to 30 000 in the lakes studied. Ecological halftimes of 137 Cs in perch in certain lakes, monitored regularly since 1986, and representing different types in terms of environmental transfer, were estimated as examples. The longest halftimes of 137 Cs in perch were approximately 8 years and the shortest approximately 3 years determined for the time period of 1988-2002. Except for estimation of radiation doses to people eating fish, data on changes of activity concentrations in various parts of the aquatic system are also needed when estimating radiation doses to fish and other biota. Slow recovery of the habitat and feed from 137 Cs results in higher exposure of biota than in case of rapid activity decrease.
INTRODUCTION
Radiocesium in fishes has been regularly studied at STUK since the Chernobyl deposition in 1986 [1] [2] [3] . In this paper the results for perch, the most common fish species in Finnish lakes, are considered. In 1998 and 2002 also water of the lakes sampled for fishes were taken and analysed for 137 Cs to get a picture on the variation range of 137 Cs both in water and in fishes caused by the original deposition and several successive processes changing the distribution since the deposition. Lake specific concentration factors from water to fish 12-16 years after the deposition were also determined. A long-term purpose of our study is to find the most critical areas or lakes types or lakes in terms of high accumulation and/or slow recovery after the deposition. This is difficult because in Finland there are over 180 000 lakes larger than 500 m 2 , and about 2 300 lakes larger than 1 km 2 [4] .
SAMPLING LAKES
The lakes studied are located in southern and central parts of Finland ( Figure 1 ). Both large lakes, being most important for freshwater fishing, and a few relatively small lakes were included in the study. The deposition of 137 Cs from the Chernobyl accident was most unevenly distributed in Finland. The country can be divided into five categories on the basis of the average deposition in each municipality [5] (Figure 1 (Figure 2 and Table 1 ). Each sample consisted of several individual fishes. 137 Cs in perches in 2002 varied by a factor of 200, although the original amount deposited in the sampling municipalities varied by a factor of 50. In a single lake the contents in fishes varied generally by a factor of two, but in the first years after the deposition even by a factor of six. Cs in perch in three lakes (Päijänne, Asikkala), Vehkajärvi and Kyrösjärvi and the observed halftimes in 1988-2002. Päijänne (Asikkala) is the southern oligotrophic part of Lake Päijänne, Vehkajärvi is a clear water lake with a low sedimentation rate and Kyrösjärvi a eutrophic lake with colour value of about 100 mg Pt/l.
Concentration factors
Concentration factor is determined here as the following ratio:
Cs in lake water (Bq/kg) Concentration factors for perches from various lakes varied between 1 300 and 30 000 in 1998 or 2002 (Table1). The lake with the lowest CF (Vesijärvi, Hollola) is a eutrophic lake and the lakes with the highest CFs (e.g. Nilakka, Päijänne (Asikkala), Siikajärvi, Vehkajärvi, Suontee) are oligotrophic; Siikajärvi and Vehkajärvi have additionally very low sedimentation rate, Ontojärvi is rich in humic substances. It is extremely difficult to name exactly the factors causing high or low concentration factors, because the conditions vary from lake to lake and even in various parts of a single lake. Besides the lake parameters, also the types of catchment that affect the secondary input to the lake during the years, vary from lake to lake. Furthermore, even the parameters that could presumably be significant in terms of radionuclide transfer are not easily available for all the lakes studied in order to perform more detailed analyses of the results.
EXAMPLES OF ECOLOGICAL HALFTIMES OF

137
CS IN PERCH FROM VARIOUS LAKES
The results of the lakes studied regularly for 137 Cs in fishes after the Chernobyl accident give a chance to estimate ecological halftimes of 137 Cs. The time describes recovery rates of the lakes after the accidental contamination. The ecological halftime is dependent on the time period. Here they were estimated for the time period of 1988-2002. The year 1988 was selected as a starting point because the peak contents had usually already passed by then. The shortest halftimes were approximately 3 years and the longest approximately 9 years. The longest halftime was found in a lake with high contents of humic substances (colour over 200 mg Pt/l) (Lake Pieni Ahveninen (Pieksämäki)), but in a clear water lake nearby the halftime was only a little shorter (Lake Pyhäjärvi (Pieksämäki)). The shortest halftime was found in a lake with rather high amounts of nutrients and colour number approximately 100 mgPt/l (Lake Kyrösjärvi). In clear water oligotrophic lakes the ecological halftimes of 137 Cs in perch were typically about 5-6 years, as in lake Vehkajärvi and Päijänne (Asikkala) in Figure 3 .
CONSIDERATIONS FOR RADIOLOGICAL RISK ASSESSMENT
The data obtained shows that transfer parameters in freshwater environment vary in a large range although 12-16 years have elapsed since the deposition. Besides differences in the original deposition several environmental processes have changed the distribution of 137 Cs during the years in various compartments of the freshwater environment. Most of 137 Cs is now in the bottom sediments of the lakes. The recovery of fishes from 137 Cs in various lakes also takes different times, as shown by the examples on ecological halftimes. Empirical data is self-validating and cannot totally be substituted by modelling, as concluded in a previous study [6] .
Except for estimation of radiation doses to people eating fish, data on temporal changes in various parts of the aquatic system are also needed when estimating radiation doses to fishes and other biota. Slow recovery of the habitat and feed results in higher exposure of biota than in case of rapid decrease. Our first attempt to estimate exposure to perch, a pelagic fish, from lake Päijänne after the Chernobyl accident showed that most of the exposure was caused by the internal beta radiation [7] . For fish species and other biota living close to the bottom, contents of radionuclides in bottom sediment play an important role.
